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Development of resource recycling-oriented process by methane- and ethanol-fermentation of biomass  





Abstract   Waste biomass of about 300 million ton is being discharged every year in Japan, and in addition, the 
emission quantity of CO2 has to be reduced for global warming prevention. In order to solve these problems, we 
studied about the recovery of biogas from waste biomass by methane fermentation, and by our technologies, a 
biomass-town had been constructed on Okimachi in Fukuoka Prefecture. We also focused our study on the 
production of bio-fuel ethanol from various biomass such as garbage, resource crops and cellulosic biomass 
(bamboo, corn stover), corporating with Sojo University and Peking University. Based on these achievements of 
ethanol production, the construction of a resource recycling-oriented city in Minamata area is being considered. 
Moreover, we aim to develop a zero emission process for the production of ethanol from agricultural waste straw 
and make it industrialize in China as well as other Asia countries. 
 




















































Fig. 1 Waste discharged in Japan and its content 
(Total waste≒500 million tons; Biomass waste≒280 million tons.) 


































































































To make methane fermentation friendly water treatment technique
to global environment 
Efficient process for removal of NH4+ 
Influence of the addition of Ni2+ and Co2+ 
Stability of methane fermentation 
(Microbial diversity analysis and metabolic pathway clarification） 
Thermal recycle of biomass wastes using methane fermentation
Development of novel sewage treatment technology
without emission of sludge, nitrogen and phosphate 
Construction of resource recycling-orientated city 
using methane fermentation as core technique 
Development of treatment process for various wastewaters, 
where methane fermentation is the core technique 
Garbage, livestock manure 
Sewage sludge 
Fig. 3 Research details on methane fermentation in our lab. 
 
Industrial and fuel ethanol production using molasses 
Research direction→Process simplifying  
Breeding of flocculating yeast 
Development of non-sterilizing continuous and 
repeated-batch fermentation process 
Develop into fuel ethanol  
 Type Project 
Waste biomass Garbage NEDO (Guide) 
Non-standardized farm 
products 
Waste potato Investigating project of 
METI 
Wheat Hokaido Bioethanol  
(Co. Ltd) Resource crop Beet juice 
Cane Ministry of Agriculture, 






Bamboo NEDO New Energy Bench 
Corn stove METI ODA 
Fig. 4 Research details of ethanol fermentation in our 
Fig. 2 Aiming at the a.chievement of biomass town plan by 
biomass energy. 
Table 1 Countermeasure for problems of methane fermentation． 
 
Problem Countermeasure 
Suitable for limited kinds of 
wastewaters 
Treatment research on wastewater/waste with various organic matter concentrations 
     Establishment of respective processes      Ordinary water treatment technology  
Low reaction rate Novel reactor           Improvement of TOC loading rate（shochu distillery）
Addition of Ni2+ and Co2+ 
 
Increase of NH4+ Simultaneously removal with remaining organic acids in methane fermentation 
（shochu distillery→whisky distillery） 
 
 
Unstable treatment technology Clarification of metabolic pathway by molecular biology techniques 
42 g/l/d（thermophilic methane fermentation）
24 g/l/d（mesophilic methane fermentation） 
wastewater→methane fermentation→biological denitrification→nitrification→
































































































Fig. 5 Microorganisms related to methanogenesis from acetate.



































































































Parameter Garbage SM DCM Garbage:SW Garbage:SM:DCM 
1:1 1:16:27 1:19:12 
     (Kikuch) (Aso) 
TS (g/l)  202.2 62.7 69.8 121.4 68.8 65.5
VTS (g/l) 195.2 49.4 52.7 110.1 54.4 50.0
SS (g/l) 158.4 38.6 47.4 74.2 46.5 37.1
VSS (g/l) 154.4 33.6 36.9 69.9 38.2 34.9
T-CODcr (mg/l) NM 89,000  71,000  162,000  NM 81,000
S-TOC  (mg/l) NM 19,451  9,726  7,825  4,505 16,910
S-IC  (mg/l) NM 849  1,926  158  1,700 977


































































pH (-) 5.3 5,5 7.1 6.1 7.1 6.1
Viscosity (cp) ND 200  4,900  NM  NM 280
 SM, screened swine manure; DCM, screened dairy cattle manure; VTS, volatile total solid; SS, 
suspended solid; VSS, volatile suspended solid; T-COD, total chemical oxygen demand; S-TOC, 
soluble total organic carbon; VFA, volatile fatty acid; NM, not measured; ND, not detected. 
Table 2 Typical compositons of waste biomass such as garbage, screened 
swine manure and screened dairy cattle manure et.al 







































































































Biogas evolution, 484 Nm3/d; 
Hot water, 4385 Mj/d. 





















Rice field, 3,000 ton; 
Secondary crop, 3,000 ton.
Biogas plant
Fig. 6 Construction of Biomass-town on Okimachi in Fukuoka 























































4.1.1 プロトプラスト融合による凝集性酵母の育種 [21, 22] 
フィリピンのアルコール工場で使用されていた耐熱性･非凝
集性酵母 Saccharomyces cerevisiae EP1と凝集性酵母 S. cerevisae 































































Biogas Co-generator Electricity, Steam
Fig. 8 Development of novel sewage treatment process without discharge of sludge, nitrogen and phosphate. 
Fig. 7 Comparison  of performance between the two-series digestion 
with the thermophilic liquefaction of thickened surplus sludge and 
the conventional digestion. 
(open symbols, the two-series digestion; closed symbols, the conventional digestion.) 






ール濃度P 85 g/l を達成することができた．この値 (P，85 g/l；
PD，17 g/l/h) は，長期無蒸煮連続発酵条件下で達成したもので，









































なり，本条件で生成エタノール濃度91 g/l, 生産性5.3 g/l/hを達















































70%) を行い，生成エタノール濃度20 g/l，生産性7 g/l/hを達成
Fig. 9  Comparison of reported data obtained from fermentations using 
molasses medium at 30℃. 
(Symbols: ○, continuous fermentation by immobilized yeast; □, continuous 
fermentation by flocculating yeast; △, batch or repeated-batch fermentation.)










































































































1 Kagoshima 16,309 99.8
2 Ooita 13,338 81.6
3 Yamaguchi 11,073 67.7
4 Fukuoka 11,020 67.4
5 Kumamoto 10,578 64.7
6 Tottori 9719 62.6
7 Chiba 5896 36.0
8 Kyoto 5412 33.1
9 Miyazaki 4991 30.5
10 Okayama 4938 30.2
11 Kochi 4388 26.8
12 Shizuoka 4195 20.6
13 Ehime 3967 24.2










1 Kagoshima 31,500 192.6
2 Ooita 23,000 140.6
3 Kumamoto 20,000 122.3
4 Fukuoka 16,000 97.8
5 Yamaguchi 15,000 91.7
6 Miyazaki 14,000 85.6
7 Hyogo 12,000 73.3
8 Ehime 11,000 67.2
9 Kyoto 10,000 61.1
10 Kochi 8,000 48.9
11 Shizuoka 7,900 48.3
12 Okayama 7,800 47.6
13 Shimane 6,800 41.5
14 Saga 6,200 37.9
15 Nagasaki 6,000 36.6
 Sum 195,200 1,193
Now199? (27Jan08 Asahi newspaper)
(Prefecture marked with pink color are located in 
Kyushu Island)
Table 3 Estimation of bamboo resource 
 Fig. 10 Block diagram for production of fuel ethanol 
from cellulose biomass
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Fig. 11 Construction of resource recycling-oriented city in Minamata area putting bio-ethanol as core. 
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Fig. 12  Zero emission process of production of fuel ethanol from corn stover. 
